ABSTRACT Turkey deli loaves were evaluated using organic marinades in the raw product to control the growth of Listeria monocytogenes (LM) and improve meat quality in the cooked product. Treatments included sodium tripolyphosphate (STP; 0.45%, control), sodium lactate (3%), sodium diacetate (0.25%), sodium citrate (0.75%), and sodium lactate (3%)/sodium diacetate (0.25%) combination, all containing 1.5% salt. Data collected in the 2 trials included pH; lightness, redness, and yellowness; bind ability; cooked meat moisture; oxidation (thiobarbituric acid reactive substances); aerobic plate count (d 0 to 80); and sensory evaluation. Also, thirtytwo slices from each loaf were inoculated with a 10 3 cfu/ mL surface inoculum streptomycin-resistant LM cocktail and analyzed for LM levels (d 0 to 77). The sodium lactate treatment was lower in pH (5.84) postmarination. Lactate, citrate, and the combination treatments had significantly
INTRODUCTION
Listeria, normally in processed foods, is destroyed by pasteurization and heating procedures used to prepare ready-to-eat (RTE) processed meats. This heating step is efficient in killing Listeria monocytogenes (LM); however, unless good manufacturing practices are followed, crosscontamination can occur after heat processing (CDC, 2003) . This cross-contamination can be from the environment and is the current concern in the industry and is difficult to overcome.
Along with heat, a low pH environment has an adverse effect on the growth of LM. It is not only the specific pH of the medium that is important but also the acid type, temperature, and the presence of other antimicrobial compounds. Several researchers have noted that, in culture media, acetic acid has more potent antilisterial effects than lactic acid, which in turn is more inhibitory than hydro- lower lightness values; lactate, diacetate, and citrate had higher redness values; and lactate had lower yellowness values postmarination compared with premarination. Cook loss, moisture, and bind ability were higher in the STP treatment. Citrate and the combination treatments had lower thiobarbituric acid reactive substances on d 3, but there were no differences by d 15. Cohesiveness was significantly higher in the STP, lactate, and diacetate treatments, and turkey flavor was more intense in the combination treatment. The STP loaves had >10 6 cfu/cm 2 aerobic plate count by 14 d, lactate by 20 d, citrate by 40 d, diacetate by 70 d, and lactate/diacetate by 74 d. Sodium diacetate, citrate, and lactate/diacetate all extended the lag phase of LM. Therefore, acidic marinades applied in the raw product do have a negative effect on some cooked product quality attributes but do improve shelf life and decrease LM growth by extending the lag phase through 21 d postmortem.
chloric acid (Doyle, 1999) . Although similar concentrations of citric and lactic acids reduce the pH of tryptic soy broth (TSB) more than acetic acid does, addition of acetic acid results in greater cell destruction. Sodium diacetate (a mixture of acetic acid and sodium acetate) also significantly inhibits the growth of LM in broth cultures (Doyle, 1999) .
Sodium lactate is added frequently to meat and poultry products. It is available as a 60% aqueous solution, and levels of 2 to 3% based on final weight are recommended as a flavor enhancer in fresh and cooked meat and poultry products. The sodium lactate solution, which has a pH of 6.8 to 7.0, is used as a pH control agent, and additions of 2 to 4% do not alter the meat pH. Lactate has been reported also to be effective as a firming agent and humectant (Chen and Shelef, 1992) . Suppressed microbial growth has been reported in meats formulated with sodium lactate. According to a study conducted by Bacus and Bontenbal (1991) , a concentration of 4% sodium lactate in frankfurters or chicken rolls inhibited LM growth during refrigerated storage, and lactate addition also reduced aerobic plate counts in the products.
Currently many poultry processors are using organic acids in marinades to control the growth of LM in the final cooked deli loaf product. However, there has been no validation on the beneficial effects of these organic acid marinades (applied in the raw product) on control of LM growth in RTE turkey loaves. Because of the low pH of these acidic marinades, their use in further processed meat products may cause a reduced meat pH, which may result in reduced meat quality, decreased yield, and decreased consumer acceptance. The objectives of this project were to determine the effect of commonly used marinade ingredients such as sodium tripolyphosphate (STP), sodium lactate, sodium diacetate, and sodium citrate alone or in combination on the growth of LM and on meat quality parameters such as color, water-holding capacity, and bind ability in turkey deli loaves.
MATERIALS AND METHODS

Meat Quality and Microbiological Analysis
The treatments used in the following study were used to determine their effect on streptomycin-resistant LM and meat quality in RTE turkey deli loaves. The process was an industry-simulated process for making fully cooked turkey deli loaves. The equipment used was pilot equipment comparable with that used in industry to simulate the further processing of turkey lobes into deli loaves. All the treatments listed below contained salt (NaCl) at a final concentration of 1.5%. However, only the industry control contained STP to avoid confounding effects with the other ingredients. The treatments consisted of the following: 1 Salt (1.5%) and STP (0.45%)-industry control, 2.
Salt (1.5%) and sodium lactate (3%), 3.
Salt (1.5%) and sodium diacetate (0.25%), 4.
Salt (1.5%) and sodium citrate (0.75%), and 5.
Salt (1.5%) and sodium lactate (3%)/sodium diacetate (0.25%).
Turkey lobes were obtained from a local processor and delivered to the Texas Tech University Meat Further Processing Facility. Fresh turkey lobes (<24 h postmortem) were maintained at 4°C throughout the transportation process. The turkey lobes were randomly divided into 5 treatments listed above and marinated with each of the above ingredients separately by treatment in a vacuum tumbler (LT5 Koch Tumbler, Lance Industries, Allenton, WI; 20% wt/wt marinade addition, 45.7 cm, 1 h, 14 rpm, 4°C). Once marinated, the turkey fillets were allowed to equilibrate in a 4°C cooler for at least 3 h. This is the minimum time allowed for marination equilibration throughout the fillets (unpublished preliminary data). Following equilibration, the fillets were stuffed into 10.2 cm diameter fibrous casing and cooked in a smokehouse to an internal temperature of 78°C. Loaves were then cooled to 4°C and removed from the casing to allow for further analysis.
Following cooling, half of the turkey deli loaves were sliced using a deli slicer into 2-mm thick slices and dipped into a 10 4 cfu/cm 2 streptomycin-resistant 2 LM cocktail to provide a 10 3 cfu/cm 2 surface inoculum. Streptomycinresistant LM were utilized to aid in the recovery of the microorganisms from background flora. Three strains were used for the cocktail including Scott A, ATCC 7644, and Brie 1, all of which have been associated with an outbreak of listeriosis. The 3 strains were grown separately in TSB (Remel, Lenexa, KS) with streptomycin at a concentration of 1,000 g/mL, incubated for 24 h at 37°C. This was repeated at least 3 times, after which 2.4 mL of the fresh culture were added to 240 mL of TSB with streptomycin and incubated for 24 h at 37°C. The LM cells were separated from the TSB by centrifugation (4,000 × g, 20 min, 1°C), and the broth was poured off carefully so not to pour out the LM pellet. This was repeated for each strain of LM separately. After centrifugation, the LM pellet was resuspended in 20 mL of fresh, sterile TSB broth with streptomycin. Because there was more than 1 strain of LM used, all pellets were resuspended in the same 20 mL of TSB to make the cocktail mixture. The culture was plated to determine colony-forming units per millilter. Six slices were used for each treatment at each time point. The remaining deli loaves were not inoculated and were used for meat quality analyses. The loaves used for meat quality remained completely separated from the loaves for the LM testing.
The inoculated loaves were allowed to equilibrate for 25 min prior to testing for LM. This initial test for LM was to ensure the proper inoculation was achieved in the cooked product and served as a 0 h time point. The slices were stored in zip-tie bags in a 4°C cooler until analysis at the remaining time points (weekly at 7, 14, 21, 28, 35, 42, 49, 5, 63, 70 , and 77 d following cooking). These time points were determined from preliminary data obtained from a local turkey processing facility. The processor determined shelf life to be 50 d following cooking in deli loaves not retained in a hermetically sealed package.
At each testing time, 1 slice was placed in a sterile stomacher bag with 99 mL of sterile buffered peptone water (Oxoid Ltd, Basingstoke, Hampshire, UK) and homogenized for 2 min in a stomacher. If necessary, samples were further diluted in sterile buffered peptone water. Each dilution was plated on tryptic soy agar with streptomycin using AOAC-approved methods (Gilchrist et al., 1977) . Plates were incubated at 35°C for 48 h prior to enumeration. Plate counts were determined on standard plate count agar (EMD Chemicals, Germany) using AOAC-approved methods (Gilchrist et al., 1977) .
In the noninoculated samples, meat quality and shelf life were evaluated. The following parameters were measured:
1.
Color using the Minolta chromometer (L*, a*, b*; Spectrophotometer CM-2002, Minolta Camera Co., Ltd., Japan) before marination and after marination equilibration, 2.
pH (IQ 150, IQ Scientific Instruments, San Diego, CA) in the raw fillets before marination and after marination equilibration using a portable probe and calibrated meter, 3.
Cook loss as a percentage (precook weight − cooked weight/raw weight) × 100 (Sams, 1990 ), 4.
Total moisture in the cooked samples by drying in Thiobarbituric acid reactive substances 3 and 15 d (Spanier and Traylor, 1991) , and 6.
Aerobic plate count at d 0 (day after cook), 5, 10, 14, and 20, 30, 40, 50, 60, 70, and 80 (Downes and Ito, 2001 ).
Sensory Evaluation of Deli Loaves
A trained sensory panel with at least 6 members was used to determine palatability of the turkey deli loaves. Samples were evaluated using an 8-point category scale. The product was processed and cooked 3 d before sampling by panelists to evaluate tenderness, juiciness, cohesiveness, and turkey flavor intensity. Once cooked, samples were sliced, packaged in a closed plastic bag (Quart Size #487435, Ziploc Brand bags, S.C. Johnson & Son Inc., Racine, WI), and stored in a 4°C cooler until sensory analysis. Before the sensory analysis, the loaves were manually cut into 2.54 × 2.54 cm pieces. A random 3-digit number was used to identify the samples. Each panelist evaluated 1 sample at a time and was asked to rinse their mouth with tap water in between samples. Panelists were served at individual booths to keep results from becoming biased.
Statistical Analysis
The experiment was repeated twice (2 trials). The meat quality and sensory data were analyzed using the PROC GLM procedure, and when significant, Tukey's Studentized range test was conducted to determine differences at a level of P < 0.05 (SAS Institute Inc., Cary, NC). Microbiological analysis was analyzed using the PROC MIXED procedure, and when significant, least squares means were used to determine differences. Significant differences among treatment groups were determined using mean separation at a level of P < 0.05 (SAS Institute Inc.).
RESULTS AND DISCUSSION
Color is an important attribute to consumers. Because acidic marinades used in this study can decrease pH of the meat, color of the turkey meat may be affected. There were no differences in premarination color of the turkey lobes (Table 1) . This was to be expected because the lobes came from the same processor and processing day. There were also no differences in postmarination L* and a* values, indicating the treatments had no negative effect on lightness and redness of the fillets. However, postmarination, the turkey meat treated with sodium lactate had a lower b* value, indicating a less yellow color when compared with the other treatments, but was not different from the control. It is important to note that differences in yellowness in turkey meat may not be noticed by the average consumer. Also, these color measurements were in the raw meat state, and these differences may not be detectable in the cooked deli loaf.
When comparing pre-and postmarination L*, a*, and b* within treatment (Table 1) for STP and sodium diacetate, there were no significant differences. However, sodium lactate, sodium citrate, and the lactate/diacetate combination did result in a significantly lower L* value (indicating darker fillets) when comparing pre-to postmarination. Postmarination a* was significantly higher when compared with the premarination values in the sodium lactate, sodium diacetate, and sodium citrate treatments. Also, premarination b* was significantly higher in the sodium lactate treatment when compared with postmarination b* values of the other treatments. Therefore, sodium lactate was the only treatment that significantly changed all 3 color values (L*, a*, and b*) from pre-to postmarination. In general, however, all the postmarination L* values decreased, a* values increased, and b* values decreased when compared with the premarination values. This decrease might have been due to the increased scattering of light from the addition of the marinade.
The pH of raw turkey meat can affect color, waterholding capacity, and bind ability in cooked turkey deli loaves. The pH decreases as lactic acid increases in the muscle because of the glycolytic breakdown of glucose during rigor mortis development (Lawrie, 1991) . Table 2 indicates the pH of pre-and postmarinated breast meat. As expected, there were no differences in premarinated pH.
Postmarination pH is important because a decrease in pH can cause problems with protein functionality. After marination with the control, STP, sodium diacetate, sodium citrate, and the combination of sodium lactate/so- dium diacetate had a higher pH, whereas the sodium lactate treatment had a lower pH (5.84).
The treatments used in this study can lower the pH of the meat even though meat has a good buffering capacity. This pH lowering can cause the pH to approach the isoelectric point of the meat (pH 5.1 to 5.3) causing decreased water-holding capacity and decreased bind ability (Aberle et al., 2001 ). Therefore, a comparison of pre-and postmarination pH was conducted to evaluate changes caused by the addition of organic acids in marinades for turkey deli loaves. When comparing pre-and postmarination within a treatment, there were no significant differences for STP, sodium diacetate, sodium citrate, and sodium lactate/sodium diacetate combination treatments However, for sodium lactate treatments premarination pH was significantly higher (5.94) than postmarination pH (5.84). Therefore, sodium lactate can decrease the pH of the breast meat when used at a concentration of 3% with salt.
Water-holding capacity is very important in meat quality and is affected by many factors including pH of marinades and meat. Poultry meat with low pH has been associated with low water-holding capacity, which results in increased drip loss and cook loss (Froning et al., 1978; Barbut, 1993; and Northcutt et al., 1994) .
Water-holding capacity can be measured in several ways including percentage cook loss and percentage moisture. Therefore, percentage cook loss and percentage moisture of the cooked product were measured in this study to determine differences in water lost upon cooking following marination with different organic acids (Table 3) . Sodium citrate had a higher cook loss (15.60%) when compared with the sodium lactate/diacetate combination, and STP had a lower cook loss (14.11%) when compared across treatments. Sodium lactate had the lowest total moisture (57.67%), whereas STP had the highest (59.76%). The addition of polyphosphates to meat has been found to increase meat water-holding capacity by increasing water binding (Froning, 1966; Young et al., 1992; Yang and Chen, 1993) . Therefore, STP was expected to have the highest percentage moisture and lowest percentage cook loss.
Combinations of sodium chloride and polyphosphate have been reported to synergistically improve moisture absorption and water-holding capacity while reducing drip-loss and cookloss of poultry meat (Young et al., 1987) .
Increased moisture retention ability by the phosphates is achieved through muscle fiber expansion (swelling) caused by electrostatic repulsions, which allows more water to be immobilized in the myofibril lattices (Offer and Trinick, 1983) . These findings correlate with the results from this current study. Sodium lactate had the lowest percentage moisture because of the low pH of the marinade compared with the other treatments. If the pH is close to the isoelectric point (5.1 to 5.3) the water-holding capacity will decrease, meaning increased percentage cook loss and decreased percentage moisture (Aberle et al., 2001) . Even though the organic acid treatments had a lower water-holding capacity (increased cook loss and decreased total moisture) when compared with the STP treatment, the addition of STP to the marinades with organic acids could overcome these losses and improve water-holding capacity by increasing water binding ability.
Bind ability (kg) is very important to consumers, although very little published research has been conducted with turkey deli loaves. Consumers prefer a deli meat that has good sliceability and does not fall apart when handling. The STP treatment resulted in a higher bind ability (0.50 kg; Table 3 ), whereas sodium citrate had a lower bind ability (0.15 kg). Other research has indicated similar results to this study, though the research was conducted on 12.7-mm ham slices, whereas in this study 4-mm slices were used. According to Schilling et al., 2004 , chunked and formed ham slices had a bind ability of 2.23 kg. Bind ability is also associated with water-holding capacity and functional proteins in turkey meat. Tumbling poultry in salt and phosphates increased breast muscle tenderness and the amount of soluble protein (Maki and Froning, 1987) , thus enhancing the binding properties of poultry meat (Froning, 1966) . Therefore, if STP had been used in the treatments with organic acids, the bind ability could have been improved.
Apart from microbial spoilage, lipid oxidation is the primary process by which quality loss of muscle foods occur (Buckley et al., 1995) . When meat is cooked and exposed to atmospheric conditions, it oxidizes quickly (Ahn et al., 1993) . This can affect flavor negatively for consumers. The results for cooked thiobarbituric acid reactive substances (TBARS) are shown in Table 4 . Sodium citrate (6.90 mg/kg) and the sodium lactate/sodium dia- cetate combination (7.15 mg/kg) were significantly higher for TBARS on 3 d, meaning that they were more highly oxidized than the other treatments. However, STP (3.1 mg/kg) and sodium diacetate (2.92) were significantly lower and less oxidized. This result was expected since STP is a known chelator of metals and can reduce oxidation early in the shelf life. Nonetheless, by d 15, there were no differences among treatments for TBARS. Therefore, by d 15, none of the treatments prevented oxidation of the deli loaves. Acidic marinades have a tendency to cause off-flavors in products. Therefore, sensory quality using a trained panel was measured in this study. There were no significant differences among treatments for juiciness or tenderness (Table 5) . However, for cohesiveness, STP (6.38), sodium lactate (6.25), and sodium diacetate (6.63), were significantly higher than the other 2 treatments. Turkey flavor intensity was significantly different among the treatments. The sodium lactate/diacetate combination had the most intense turkey flavor followed by STP, sodium citrate, sodium lactate, and finally sodium diacetate had the least intense turkey flavor according to the trained panel. Even though the trained panel detected flavor differences, these differences were minimal and might not be detected by a consumer panel. According to Maki and Froning (1987) , tumbling of turkey breast carcasses with salt and phosphate did not significantly affect sensory properties. However, Froning and Sackett (1985) observed a significant synergistic effect of salt and phosphates on sensory properties (bind ability, juiciness, flavor) of tumbled turkey breast muscle.
These acidic marinade treatments were used to determine the extension of the lag phase. Sodium tripolyphos- phate (industry control) and sodium lactate extended the lag phase through d 14 (Figure 1) . However, the sodium lactate/sodium diacetate combination extended the lag phase through d 63. According to Doyle (1999) , inoculation of frankfurters with LM followed by a 2-min dip in 1% lactic, acetic, tartaric, or citric acids resulted in a 1 to 2 log kill of the bacteria. However, surviving bacteria started growing during refrigeration storage. A dip in 5% acetic or lactic acids not only killed LM but also prevented its regrowth during 90 d of refrigerated storage. According to Samelis et al., 2002 , sodium lactate (3%) and sodium acetate (0.25%) were the most and least effective additives, respectively, whereas sodium diacetate at 0.25% was intermediate in antilisterial effectiveness. By doubling the concentrations of sodium lactate and sodium diacetate from 3 and 0.25% to 6 and 0.5%, respectively, growth of LM was completely inhibited for 120 d at 4°C. In addition, sodium lactate (1.8%) permitted growth of LM at 35 to 50 d; however, sodium lactate (1.8%) combined with sodium diacetate (0.25%) completely inhibited growth for 120 d of storage at 4°C in vacuum packaged frankfurters. Therefore, the sodium lactate and diacetate combination were able to extend the lag phase and decrease growth of LM compared with the other treatments.
Aerobic plate counts are also important in microbial analysis because they could indicate product spoilage. Sodium tripolyphosphate loaves spoiled between d 14 and 20, whereas sodium diacetate extended the lag phase through d 20, and sodium diacetate and the sodium lactate/sodium diacetate treatments were not considered spoiled until d 70 (Figure 2 ).
In conclusion, the use of organic acids as marinades can have a negative effect on cooked meat quality of turkey deli loaves including water-holding capacity (marinade retention, percentage cook loss, and percentage moisture, and bind ability. However, the organic acids including the sodium lactate/sodium diacetate combination treatment can extend the lag phase of streptomycin-resistant LM through d 63.
Government agencies and the food industry have implemented regulations to reduce contamination of food by LM. The Food and Drug Administration (FDA) and the US Department of Agriculture (USDA) monitor food regularly. When a processed food is found to be contaminated, food monitoring and plant inspection are intensified; if necessary, the implicated food is recalled (CDC, 2003) . By using salts of organic acids, establishments can utilize the proposed alternative 1 (use a postlethality treatment and a growth inhibitor for LM on RTE products) or alternative 2 (use a postlethality treatment or a growth inhibitor for LM on RTE products) to use more effective LM control measures. Also, by using 1 of the 2 alternatives, the establishment will potentially have fewer verification activities by the USDA/FSIS.
